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Abstract 



PROBLEM TO BE SOLVED: To manufacture a piezoelectric element having high piezoelectric constant 
at low cost while simplifying the manufacturing process by suppressing evaporation of compositional 
components from a piezoelectric at the time of sintering. 

SOLUTION: A method for manufacturing a piezoelectric element unit having a function for deforming a 
part of a basic body 1 through electromechanical conversion effect by applying a field between upper 
and lower electrodes 2, 3 formed on the basic body 1 while sandwiching a piezoelectric 4. A 
piezoelectric material (paste) is screen printed onto the lower electrode 2 arranged on the basic body 1 
or an intermediate layer and then it is heated and fired with the basic body 1 and the piezoelectric 
material being sandwiched by shielding bodies 8. According to the method, vapor pressure of the 
compositional elements or molecules of the piezoelectric 4 is increased in the heating/firing atmosphere 
and evaporation of the compositional elements is suppressed. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the piezoelectric-device unit characterized by making high the 
configuration element of said piezoelectric material in the inside of heating and a firing environments, or 
vapor pressure of a molecule by putting said piezoelectric material and base by the screen in case 
piezoelectric material is screen-stenciled, the account piezoelectric material of back to front is heated 
and calcinated and a piezo electric crystal is formed on the lower electrode arranged on a base. 
[Claim 2] It is the manufacture approach of the piezoelectric-device unit characterized by being the 
ceramic plate which consists of partial stabilization with which said screen contained at least one oxide 
of a magnesium oxide, an alumina, the ceramics, an yttrium and a cerium, magnesium, and calcium in 
the manufacture approach of the piezoelectric-device unit indicated by claim 1, or a zirconium dioxide 
by which full stabilization was carried out. 

[Claim 3] It is the manufacture approach of the piezoelectric-device unit characterized by said ceramic 
plates being the flatness of less than 0.05mm, and 7 micrometers or less of surface roughness (Rmax) in 
the manufacture approach of the piezoelectric-device unit indicated by claim 2. 
[Claim 4] Corresponding to the piezoelectric-material layer by which printing formation of said screen 
was beforehand carried out on the base in the manufacture approach of the piezoelectric-device unit 
indicated by claim 1, it is the manufacture approach of the piezoelectric-device unit characterized by 
being what the green sheet which printed the electrode pattern is made to rival, and forms, and forms an 
up electrode in coincidence. 

[Claim 5] The manufacture approach of the piezoelectric-device unit which said base is a silicon single 
crystal, and carries out the description of having arranged the interlay er who consists of one or more 
layers between said bases and piezoelectric-device units in the manufacture approach of the 
piezoelectric-device unit indicated by claim 1 thru/or any of 4. 

[Claim 6] The ink jet head characterized by recording by having the pressure room which is the ink jet 
head equipped with the piezoelectric-device unit manufactured by the manufacture approach indicated 
by either claim 1 thru/or the 4th term, and was formed of etching corresponding to the piezoelectric- 
material layer, applying an electrical potential difference to a piezo electric crystal, and making the ink 
of the pressure interior of a room breathe out from a nozzle. 

[Claim 7] The ink jet head which said base indicated by claim 5 is a silicon single crystal, and was 
characterized by arranging the middle class who consists of one or more layers between said bases and 
piezoelectric-device units. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
* - precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is reliable and relates to the piezoelectric-device unit which 
transmits electric machine conversion of a piezo electric crystal efficiently, its manufacture approach, 
the electrostrictive actuator using a piezoelectric-device unit, and the ink jet head using it. 
[0002] 

[Description of the Prior Art] It is necessary to form many piezoelectric devices in high density the case 
of a piezoelectric-device unit, for example, an ink jet head, at a movable plate. It had become an 
obstruction, when it was difficult to make a piezoelectric device small and it advanced the 
miniaturization of a head from the constraint on the handling at the time of adhesion before, since the 
movable plate was pasted after forming each piezoelectric device. About a piezoelectric device, in 
electric - machine conversion stratification method, a process becomes complicated by patterning 
according [ a spatter, CVD ZORUGERU which are the well-known vacuum forming-membranes 
method ] to a complete depository, and cost becomes high, the sol-gel (sol-gel) shown in JP,8-281944,A 
— when forming a piezoelectric film by law, since the thickness by one spreading is as small as 0. 1 
micrometers or less, in order to form only the thickness which sags a pressurized-room substrate, it is 
necessary to apply many times and a production process increases further in a sol-gel method especially. 
Moreover, equalization of the presentation in the direction of thickness is difficult for the film formed by 
these approaches, and its repeatability of a piezo-electric property is bad. In the case of the piezoelectric 
film by the sputtering method shown in an international public presentation^ 93rd ] No. 22140 pamphlet 
(1997), a membrane formation rate cannot be earned, but when it is going to obtain the thickness for 
which it asks, huge time amount is needed. 

[0003] Then, as shown in JP,5-29675,A, in the newest, paste technique of the temporary-quenching 
powder of piezo electric crystals, such as PZT, is carried out, and the approach of forming with screen 
printing is proposed. The patterning process of screen-stencil is unnecessary and it can form a 
piezoelectric device simple by low cost on the movable version. 

[0004] On the other hand, in order to obtain the big amount of variation, using a small piezo electric 
crystal, it is necessary to produce the big piezo electric crystal of a piezoelectric constant. In order to 
obtain the big piezo electric crystal of the big dielectric constant of the diameter of crystal grain, or a 
piezoelectric constant, it is necessary to make burning temperature high and to calcinate a piezo electric 
crystal. However, since the piezoelectric device produced by screen-stencil has the high rate of surface 
area to the volume, in connection with a temperature rise, lead tends to fall out from a piezo electric 
crystal, crystal form collapses and it has the fault that a dielectric constant and a piezoelectric constant 
decrease. 

[0005] Then, in order to prevent the lead omission from a piezo electric crystal, how to heat and 
calcinate a piezo electric crystal in a lead ambient atmosphere is considered. How to calcinate and heat 
with the substrate with which the container which put in the end of lead powder in (1) firing furnace was 
conventionally installed, and the piezo electric crystal was printed, (2) How to print the PbO paste 
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containing lead on substrates, such as the same silicon wafer which forms a piezo electric crystal, or 
another substrate for media (refer to JP,7-20543 1,A), (3) — the substrate for media which printed said 
paste, and the substrate which printed the piezo electric crystal are arranged on a substrate base by turns, 
« and the manufacture approach of performing heating and baking all over a firing furnace is adopted, 
[or] 
[0006] 

' - [Problem(s) to be Solved by the Invention] It is necessary to install the container into which the end of 
lead powder went for every batch of baking by the approach of calcinating and heating with the 
substrate with which the container which put in the end of lead powder in the firing furnace of the above 
(1) was installed, and the piezo electric crystal was printed. The approach of printing the PbO paste 
containing the lead of the above (2) on substrates, such as the same silicon wafer which forms a piezo 
electric crystal, or another substrate for media, and the substrate for media which printed said paste of 
the above (3) and the substrate which printed the piezo electric crystal are arranged on a substrate base 
by turns. About the approach of performing heating and baking all over a firing furnace The former is 
lacking in mass-production nature in order to decrease the element number which can be taken out from 
one substrate since said paste is formed on a substrate, and since the latter needs to form the substrate for 
media independently, its number of the substrates which can be heated and calcinated at once all over a 
firing furnace decreases. Furthermore, the production process of printing the above-mentioned paste 
increases. Consequently, ingredient cost and production time go up, and the result of pushing up the 
production cost of a head is brought. Therefore, for manufacture of the piezoelectric-device unit of high 
quality, the manufacture approach which controls the lead omission from a piezo electric crystal simply 
and efficiently, or a configuration needs to be realized of low cost. 

[0007] This invention is reliable, it relates to the manufacture approach of the piezoelectric-device unit 
which transmits electric machine conversion of a piezo electric crystal efficiently, controls [ it is made in 
view of the above point, and ] evaporation of the component from the piezo electric crystal at the time of 
baking, and offers the manufacture approach of a piezoelectric-device unit or the configuration which 
becomes it is possible to form the outstanding large piezo electric crystal of a piezoelectric constant 
directly, and possible [ lessening a production process and cost ]. 
[0008] 

[Means for Solving the Problem] In case invention of claim 1 screen-stencils piezoelectric material, 
heats and calcinates the account piezoelectric material of back to front and forms a piezo electric crystal 
on the lower electrode arranged on a base, it is the manufacture approach of the piezoelectric-device unit 
which makes high the configuration element of said piezoelectric material in the inside of heating and a 
firing environments, or vapor pressure of a molecule by putting said piezoelectric material and base by 
the screen. 

[0009] In the manufacture approach of a piezoelectric-device unit that invention of claim 2 was 
indicated by claim 1 , said screen is the manufacture approach of the piezoelectric-device unit which is 
the ceramic plate which consists of partial stabilization containing at least one oxide of a magnesium 
oxide, an alumina, the ceramics, an yttrium and a cerium, magnesium, and calcium, or a zirconium 
dioxide by which full stabilization was carried out. 

[0010] In the manufacture approach of a piezoelectric-device unit that invention of claim 3 was 
indicated by claim 2, said ceramic plate is the manufacture approach of the piezoelectric-device unit 
which are the flatness of less than 0.05mm, and 7 micrometers or less of surface roughness (Rmax). 
[001 1] In the manufacture approach of a piezoelectric-device unit that invention of claim 4 was 
indicated by claim 1, said screen is the manufacture approach of the piezoelectric-device unit which is 
what the green sheet which printed the electrode pattern is made to rival corresponding to the 
piezoelectric-material layer by which printing formation was beforehand carried out on the base, and 
forms, and forms an up electrode in coincidence. 

[0012] In the manufacture approach of the piezoelectric-device unit indicated by claim 1 thru/or any of 
4, said base is a silicon single crystal, and invention of claim 5 is the manufacture approach of the 
piezoelectric-device unit which arranged the interlayer who consists of one or more layers between said 
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bases and piezoelectric-device units. 

[0013] Invention of claim 6 is the ink jet head equipped with the piezoelectric-device unit manufactured 
by the manufacture approach indicated by either claim 1 thru/or the 4th term, and is an ink jet head 

. which records by having the pressure room formed of etching corresponding to the piezoelectric- 
material layer, applying an electrical potential difference to a piezo electric crystal, and making the ink 
of the pressure interior of a room breathe out from a nozzle. 

% • [0014] Said base indicated by claim 5 is a silicon single crystal, and invention of claim 7 is the ink jet 
head which arranged the middle class who consists of one or more layers between said bases and 
piezoelectric-device units. 
[0015] 

[Embodiment of the Invention] The configuration of this invention is explained below. The schematic 
diagram of the piezoelectric-device unit which can apply this invention to drawing 1 is shown. On a base 
1, the vertical electrode 2 and the piezoelectric-material layer 4 which shows the electric-machine 
conversion effectiveness inserted among three are formed, and some bases are made to transform to 
electric-field impression. Furthermore, as shown in drawing 2 , the ink jet piezo-electricity head with 
which the ink in a pressure room is breathed out from a nozzle 7 by the electric-field impression to an 
electrode is constituted by forming the pressure room 5 in some substrates 1 corresponding to a 
piezoelectric device, and joining a nozzle plate 6 to it. 

[0016] A base 1 has a high mechanical strength, and it is excellent in workability, and as long as it is an 
ingredient inactive with heat treatment and burning temperature, it is not regulated especially, and it may 
be a silicon substrate, or may be the ceramics, or you may be a metal, and it may consist of the structures 
by two or more ingredients. 

[0017] Elevated-temperature melting point noble metals, such as platinum and platinum group metals 
(Pd, Rh, Ir, Ru), and the electrode material which uses those alloys as a principal component are [ that 
what is necessary is just the conductor which bears the high-temperature-oxidation ambient atmosphere 
in heat treatment and burning temperature as an electrode material ] the most desirable from the point of 
stability. 

[0018] In the piezoelectric-material layer 4 on a lower electrode layer, the PZT system ceramics is 
desirable. Moreover, the magnesium niobic acid lead system which added the third component to PZT, a 
nickel niobic acid lead system, a manganese niobic acid lead system, an antimony stannic-acid lead 
system, lead titanate systems, and also such composite material are used. In addition, the ingredient 
which added oxides and those compounds, such as a lanthanum, barium, niobium, zinc, a cerium, 
chromium, cobalt, strontium, an yttrium, a tantalum, a tungsten, nickel, and manganese, is also suitable 
for the ingredient of a PZT system. With screen printing, 10 thru/or 20-micrometer thickness can be 
formed by one presswork. After desiccation, a screen 8 is arranged so that the piezoelectric-material 
layer 4 may be pinched with a base 1, and it is made to calcinate in atmospheric air at the temperature of 
900-1100 degrees C. 

[0019] In PZT burning temperature, it has resistance in a screen 8 enough, and airtightness is high to a 
lead steam and ceramic plates, such as partial stabilization containing at least one oxide of an ingredient 
with low reactivity, for example, a magnesium oxide, an alumina, the ceramics and an yttrium, a cerium, 
magnesium, and calcium or a zirconium dioxide by which full stabilization was carried out, are 
desirable. This shield is equivalent to what is generally called a setter. The setter's smoothness and front- 
face nature govern geometrical fluctuation of the ceramics to calcinate greatly. When flatness is bad, an 
uneven place will be given to the ceramic contraction under baking by partial contact. Moreover, fault 
with the same said of surface roughness will be produced. In this invention, it turned out that 
optimization of these flatness and surface roughness is performed, and it will be convenient in any way 
in the area of 80mm angle if it is the flatness of less than 0.05mm, and 7 micrometers or less of surface 
roughness (Rmax). 

[0020] (Example 1) A platinum paste is screen-stenciled to the YSZ (Serra FREX A) substrate 1 by the 
Japanese fine-ceramics company, and 5 micrometers of lower electrodes 2 are formed in it. Then, it is 
PZT, for example, NbO.Smol addition, on a lower electrode. Pb(Zr0.52Ti0.48) 03 are screen-stenciled 
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and it dries for 30 minutes at 150 degrees C. After desiccation, as a screen 8 shown in drawing 5 , the 
YSZ plate of 1mm of board thickness has been arranged on 80mm square so that it may touch on 
piezoelectric material 4, and in the firing furnace, it calcinated at the temperature of 900-1200 degrees C 

, in atmospheric air for 2 hours. The up electrode layer 3 was formed by baking by screen-stencil after 
PZT baking. Also when which ceramic plate was used as a result, the crystallinity of PZT improved 
compared with the case where a screen is not used, and the piezoelectric constant increased. 

• • [0021] (Example 2) In order to investigate reactivity with the lead of each ceramic plate further, it 
investigated about lead diffusion of the depth direction after performing 30 PZT baking. The result is 
shown in drawing 3 . The magnesium oxide had least lead diffusion and lead diffused the alumina 
deeply compared with other two ceramics. However, a magnesium oxide is unstable to a temperature 
change, and is not desirable in respect of a throughput. Therefore, a zirconium dioxide is more desirable 
in respect of lead diffusion control also in respect of dependability. 

[0022] (Example 3) Next, correlation was investigated about the front- face nature (flatness, surface 

roughness) of a ceramic, and the effectiveness of lead omission control of PZT. Although, as for the 

effectiveness of the lead omission control from PZT, surface roughness was seldom seen in the result as 

shown in Table 1, with the ceramic plate 0.05 micrometers or less, the shielding effect has checked 

[ flatness ] the shield (70 micrometers and 20 micrometers) well by 7 micrometers of surface roughness. 

[0023] 

[Table 1] 





70m m 


20 a m 


7/* m 


O.OLmm 
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0.05mm 


X 
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0.1mm 


X 


X 


A 



[0024] (Example 4) As shown in drawing 4 (A), it is also possible to use the green sheet 9 with which 
the up electrode layer 3 was printed as a screen at the time of PZT baking. A green sheet 9 forms a green 
sheet in PZT:Pb (Zr0.52Ti0.48) 03 for the slurry which mixed a bindenpolyvinyl butyral, 
solvent:toluene, plasticizenbutyl phthalyl butyl glycolate, etc. using doctor blade equipment. By screen- 
stencil, 5 micrometers of platinum-electrode layers used as the up electrode layer 3 are formed on a 
green sheet corresponding to the piezoelectric-material layer 4. 

[0025] After having the superstructure (a green sheet / up electrode layer) by lamination and having 
thermocompression bonding of these layered products to the substructure (a PZT piezoelectric-material 
layer / lower electrode layer / base) after PZT paste desiccation of drawing 4 (B) for 60 minutes by 140 
degrees C and 60kg/cm2, in a firing furnace, it calcinates at 900-1 100 degrees C in atmospheric air for 2 
hours. By covering an upper electrode / piezoelectric-material layer / bottom electrode with a green 
sheet, the lead omission from PZT can be controlled and a short circuit can be prevented to vertical 
inter-electrode one. 

[0026] (Example 5) The schematic diagram of the ink jet piezo-electricity head which can apply this 
invention to drawing 5 is shown. If magnesium oxide is also a single crystal, anisotropic etching is 
possible for the substrate which forms the pressure room of an ink jet head, and Xtal of ceramics is [ a 
substrate ] also possible for very small processing by ICP etching. On the other hand, in the pressure 
room, when using a silicon substrate for a formation substrate, silicon anisotropic etching is established 
with the micro-machining technique, and there is an advantage which can form a pressure room easily. 
[0027] Thickness forms the pressure room 5 for 300 micrometers and field bearing to make the silicon 
substrate (base) 1 of a field (110) breathe out ink. The silicon oxide film used as the silicon-proof 
etching film is applied by the oxidizing [ thermally ] method, a resist is applied with a spin coat on the 
film after formation, and the resist pattern for forming a crevice using a photolithography technique is 
formed. What is necessary is just the film which shows corrosion resistance to the silicon-proof etching 
film to silicon etching reagents, such as not only silicon oxide but silicon nitride, a metal, etc. It dips in a 
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KOH water solution 40 90 more-degree C% after etching the silicon oxide film with a fluoric acid 
system etching reagent, 295 micrometers is etched by anisotropic etching, and a crevice is formed. The 
silicon oxide film on the silicon substrate which remained exfoliates with a fluoric acid system etching 
reagent. The amount of etching can control the amount of etching of a crevice by controlling the 
concentration of a KOH water solution, temperature, and penetration time beforehand. 
[0028] The interlayer 10 of lead diffusion prevention is formed on the silicon substrate in which the 
pressure room was formed. The zirconium dioxide film which having adhesion with high toughness and 
mechanical strength, and a silicon substrate was called for, and it is not only the precise ingredient 
which prevents diffusion of the lead contained in a piezoelectric-material layer as an interlayer 10, but 
was stabilized with the oxide of an yttrium, a cerium, magnesium, and calcium is desirable. Formation 
of the zirconium dioxide film uses sintered compact yttrium stabilization zirconium 8mol%Y203-Zr02 
for TAGEDDO, and RF magnetron sputtering performs it. It forms 0.2-2 micrometers of thickness on 
membrane formation conditions with 0.1 Pa - 2Pa (At and 02 are introduced) of gas pressure, a 
discharge pressures [ 80-1 50W ], and a substrate temperature of 750-850 degrees C. 
[0029] On an interlayer, a platinum paste is screen-stenciled and 5 micrometers of lower electrodes 2 are 
formed. Then, PZT, Nb0.5mol% addition Pb(Zr0.52Ti0.48) 03 [ for example, ], is screen-stenciled 20 
micrometers in thickness on a lower electrode, and it dries for 30 minutes at 150 degrees C. After 
desiccation, with an yttrium etc., partial stabilization or the zirconium dioxide plate of 1mm of board 
thickness by which full stabilization was carried out is arranged so that it may touch on the electrical- 
potential-difference ingredient layer 4. As for the surface characteristic of the zirconium dioxide plate 8 
arranged on PZT, it is desirable that they are the flatness of less than 0.05mm and 0.007mm or less of 
surface roughness (Rmax) in order to maintain sufficient lead vapor pressure in the contact surface. In a 
firing furnace, it calcinates at the temperature of 900-1 100 degrees C in atmospheric air for 2 hours after 
that. After PZT baking, the up electrode layer 3 is formed by baking by screen-stencil, and golden-tin, 
lead-tin, etc. are plated after forming ingredients which can be plated, such as gold, copper, and tin. And 
the nozzle plate 6 created by stainless steel etc. can be joined corresponding to a pressure room, and an 
ink jet piezo-electricity head can be created. 
[0030] 

[Effect of the Invention] Effectiveness corresponding to claim 1 : The omission of the element 
constituted from piezoelectric material which puts a piezoelectric-device unit by the screen, and is 
generated at the time of baking in order to calcinate, heating and, or a molecule can be controlled, and a 
piezoelectric constant can offer the piezoelectric-device unit of high performance by low cost greatly. 
[0031] Effectiveness corresponding to claim 2: By using the plate which becomes a screen from an 
extremely stable ceramic ingredient with burning temperature, a reliable piezoelectric-device unit can be 
obtained easily. 

[0032] Effectiveness corresponding to claim 3: A more reliable piezoelectric-device unit can be offered 
by using the good ceramic plate of front-face nature for a shield. 

[0033] Effectiveness corresponding to claim 4: By using a green sheet etc. for a screen and covering 
piezoelectric material, the omission of the element constituted from piezoelectric material more 
effectively generated at the time of baking or a molecule can be controlled, it is highly efficient and a 
reliable piezoelectric-device unit can be offered. 

[0034] Effectiveness corresponding to claims 5 and 7: Since the interlayer who consists of one or more 
layers between a silicon base and a piezoelectric-device unit was arranged, diffusion of the lead to the 
inside of a silicon base can be prevented. 

[0035] Effectiveness corresponding to claim 6: A reliable head can be offered by low cost by 
manufacturing an ink jet (piezo-electricity) head using the piezoelectric-device unit manufactured by the 
manufacture approach indicated by either of claims 1 or 4. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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